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Background: This study aimed to investigate the prevalence and risk factors for hypertension, diabetes,
and dyslipidemia, and to evaluate their additive effects on myocardial infarction (MI) and stroke in Nanjing
in East China.

Methods: A multistage, stratified random cluster sampling method was used to select representative
participants. All eligible participants completed questionnaires, physical measurements, and blood tests.
Multivariable and univariable logistic regression analyses were used to identify associated risk factors and
evaluate additive effects on cardiovascular events, respectively.

Results: Hypertension was the most prevalent chronic disease among 11,036 participants enrolled (18.5%),
followed by dyslipidemia (8.3%) and diabetes (6.0%). The prevalence of hypertension was higher in men
than in women while no sex-related difference was observed in the prevalence of diabetes and dyslipidemia.
Older age and higher body mass index were risk factors for all three diseases. Sex, central obesity, smoking,
number of family members, salt intake, and family history of hypertension were associated with hypertension;
central obesity, smoking, alcohol assumption, and family history of diabetes correlated with diabetes; and
female sex, higher education, and alcohol assumption were risk factors for dyslipidemia. Hypertension
complicated with dyslipidemia conferred more risk of MI and stroke than independent effects. Diabetes also
contributed to risk based on hypertension or dyslipidemia.

Conclusions: The burden of hypertension and diabetes has stopped increasing. However, total cholesterol
(TC) concentration in the population has not been well controlled. A more comprehensive approach to
managing dyslipidemia, hypertension, and diabetes needs to be developed, especially for individuals with

multiple cardiovascular risk factors.
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Introduction

Noncommunicable diseases (NCDs) are one of the
major health threats. They were responsible for 73.4%
of deaths worldwide in 2017 (1). The number of deaths
from NCDs continues to increase every year, and most of
this can be attributed to cardiovascular diseases (CVDs)
(1-4). In line with the global trend, the prevalence and
mortality of CVDs in China are still on the rise due to
rapid economic development and health transition. In
2015, the number of patients with CVDs was estimated
to be 290 million, including 13 million with stroke and
11 million with ischemic heart disease (IHD) (5). Stroke
has been the leading cause of death in all CVDs, followed
by IHD (6,7). Both of them are the major factors for
disability-adjusted life-years and consume a large amount
of medical resources (8,9). Further, mortality due to
IHD and stroke has increased dramatically over the
past decades, with myocardial infarction (MI) playing
a leading role (10,11). The aforementioned findings
highlight the heavy burden of CVD-related morbidity
and mortality in China.

Hypertension, diabetes, and dyslipidemia are major
modifiable risk factors for CVD. The prevalence of these
risk factors has increased sustainably in China, and even
worse, many middle-aged people have at least two chronic
diseases (12-14). The reason for disease clustering is
probably mutual risk factors, such as aging, obesity, and
smoking. Nevertheless, few analyses focused on common
risk factors for hypertension, diabetes, and dyslipidemia. In
addition, previous studies have shown that the clustering
of two risk factors increases the risk of CVDs (15,16).
However, limited evidence is available with regard to
the relationship between multiple chronic diseases and
CVDs. Therefore, a variety of chronic diseases need to be
investigated in a fixed population to explore the relevant risk
factors and possible interactions between different diseases.
The present study aimed to identify the commonality and
difference among associated risk factors for hypertension,
diabetes, and dyslipidemia, and also to evaluate their
additive effects on MI and stroke.

Methods
Ethical compliance

The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University
(2016-SR-242, Jiangsu Province Hospital). Written
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informed consents were obtained from all participants
before enrollment into the study.

Study participants

The present cross-sectional study was conducted based
on a secular chronic disease management project in
Nanjing, the capital of Jiangsu Province located in East
China. As a baseline survey, the data were collected
from all residents living in Nanjing in 2017. This study
adopted a multistage, stratified random cluster sampling
method to select representative samples from a general
population. In the first stage of sampling, 2 districts were
randomly selected from 11 districts in Nanjing City using
the probability proportional to size sampling method. In
the second stage, two subdistricts (streets) were chosen
from the aforementioned two selected districts using the
simple random sampling method. In the third stage, three
communities were randomly selected from each subdistrict.
In the final stage, a certain number of residents aged
15 years or older were chosen from each household of the
included communities using the simple random sampling
method. A total of 11,036 participants completed the survey
with a response rate of 95.3% and were included in the
analysis.

Data collection

All eligible investigators underwent a uniform training
and qualification before conducting the questionnaire
survey and physical examination. Information concerning
sociodemographic characteristics, lifestyle behaviors,
and personal and family health history (hypertension,
diabetes, dyslipidemia, MI, and stroke) was collected
using a questionnaire in a face-to-face interview with each
participant. In addition, a semi-quantitative food frequency
questionnaire (FFQ) was used to carry out a dietary
survey (17). Data on average consumption and frequency
of various foods consumed in the last year were collected
using the questionnaire. According to local dietary habits,
the FFQ in this study consisted of 14 food categories
with a 9-point scale (never, less than once per month,
once to 3 times per month, once to 2 times per week, 3
to 4 times per week, 5 to 6 times per week, once per day,
twice per day, and 3 times or more per day). Next, physical
measurements were conducted. Participant recruitment
and data collection followed strict ethical standards during
each procedure.
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Potential risk factors

Based on the previous evidence, smoking, drinking, family
history, number of family members, education, ethnicity,
salt intake, body mass index (BMI), and central obesity were
selected as potential risk factors for hypertension, diabetes,
and dyslipidemia (18,19).

In terms of smoking status, study participants were
considered as current smokers if they reported daily
smoking at present (at least one cigarette per day).
Among nonsmokers, former smokers were defined as
those who smoked but had quit within the previous
12 months; and never smokers were labeled as never
smoking regularly. Alcohol consumption was also classified
into three categories: current drinkers were those who drank
more than once in the last 30 days; former drinkers were
those who drank before the previous 30 days and within
12 months; and never drinkers were those who never drank
in the past 12 months. If one or both of the parents had
hypertension (or diabetes), the participant was considered
with a family history of hypertension (or diabetes).
Regarding socioeconomic factors, the education level
(primary school or lower, middle school, and college or
higher) and number of family members (living together
for a long time) were evaluated. The dietary salt intake was
calculated by multiplying the average intake by frequency
according to the FFQ. Height and weight were measured
indoor when the participants wore light clothing and
no shoes to the nearest 0.1 cm and 0.1 kg, respectively.
BMI was estimated as weight (kg) divided by height in
square millimeters (m?). The waist circumference (WC)
was measured as a complete cycle at the midpoint of the
anterior superior iliac spine and the lower edge of the 12th
rib using a fixed measurement tape (to the nearest 0.1 cm)
while the participants had normal breath. Central obesity
was defined as a WC of at least 90 cm in men and at least
85 cm in women (20).

Measurement and definition of hypertension, diabetes and
dyslipidemia

To guarantee accuracy, participants were required to
rest for at least 5 min and avoid smoking, drinking and
physical exercise for at least 30 min before blood pressure
(BP) measurements. Electronic sphygmomanometers
were used to measure the BP of the right arm supported
at heart level with sitting position for three consecutive
times at 1-min interval. The average of three readings was
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used as a final estimate in all analysis. In addition, venous
blood specimen was collected in the morning after an
overnight fast at least 8 hours. Blood samples were sent to
the laboratory for examination of serum glucose and total
cholesterol (T'C).

According to 2018 Chinese guideline for the management of
hypertension, hypertension was defined as systolic BP (SBP)
>140 mmHg, diastolic BP (DBP) 290 mmHg, and use of
antihypertensive medicine within last 2 weeks (12). Diabetes
was defined as a serum glucose >7.0 mmol/L in field survey
or a history of diagnosed diabetes, as recommended by the
American Diabetes Association (ADA) (21). The National
Cholesterol Education program guidelines have defined
a high concentration of TC as >240 mg/dL, which was
defined as dyslipidemia (22). Information about the history
of CVD (MI and stroke) was self-reported.

Statistical analysis

Continuous variables were reported as mean values and
standard deviations. Categorical variables were presented
as frequency and percentage. The chi-square and 7 tests
were used for categorical data and continuous variables,
respectively, to compare demographic characteristics
between patients and normal people. Multivariable logistic
regression models were used to identify the risk factors
associated with hypertension, diabetes, and dyslipidemia.
Additive effects among hypertension, diabetes, and
dyslipidemia were estimated by first dividing data into
diabetic and nondiabetic groups and then separating
them into four subgroups in terms of hypertension and
dyslipidemia status. Odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated to reflect the effects of
hypertension and dyslipidemia on MI and stroke among
diabetic and nondiabetic populations. Furthermore, the
common factors found to be related to hypertension and
dyslipidemia in the previous step were adjusted using
multivariable logistic regression. The impact of diabetes in
each subgroup was evaluated by comparing the prevalence
of MI or stroke among diabetic and nondiabetic populations
within the group. Hypertension and diabetes, hypertension
and dyslipidemia, diabetes and dyslipidemia, and
hypertension and dyslipidemia were sequentially included in
the corresponding models to assess the effect of interactions
between any two or three factors on the risk of MI or
stroke. A P value less than 0.05 was considered statistically
significant. All data were statistically analyzed using SAS 9.4
(SAS Institute, NC, USA).
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Results

Prevalence of hypertension, diabetes, and dyslipidemia, and
associated risk factors

The demographic characteristics of the study population
classified by hypertension, diabetes, and dyslipidemia status
are summarized in Table 1. The mean values of age, BMI,
WC, number of family members, serum glucose, SBP,
DBP, and TC were significantly higher in participants
with hypertension than in those without hypertension
(P<0.001). Similar results were found when comparing
diabetic population with nondiabetic population and
dyslipidemia population with non-dyslipidemia population.
Additionally, the proportion of male patients, patients
with middle school education (P<0.001), and patients
with Han ethnicity (P=0.048) was higher than that of total
population. However, the daily salt intake was significantly
higher only in the hypertension population (P=0.002).
Besides, the percentage of patients with hypertension (or
diabetes) having a positive family history of hypertension
(or diabetes) was higher compared with those without
hypertension (or diabetes) (P<0.001). In addition to the
smoking status of patients with diabetes, the difference in
alcohol consumption and smoking status between any two
groups was significant (P<0.001).

Table 2 shows the prevalence of hypertension,
diabetes, and dyslipidemia stratified by sex and age. The
overall prevalence rates were estimated to be 18.5%
for hypertension, 6.0% for diabetes, and 8.3% for
dyslipidemia. A similar pattern was observed in regard to
the age trend. The prevalence of hypertension, diabetes,
and dyslipidemia generally increased with age, reached
a peak at the age of 65-74 years, and subsequently
decreased. In particular, the prevalence of hypertension
and diabetes more than doubled between 35 and 45 years
while the prevalence of dyslipidemia increased fastest at
the age of 25-34 years. After gender stratification, men
had higher BP levels compared with women at all ages
except for the first age group. However, the prevalence
of diabetes and dyslipidemia was slightly higher in men
than in women, mainly among middle-aged participants;
it was significantly higher in women than in men for other
age ranges (P<0.05). In the total population, more men
suffered from hypertension compared with women, while
no significant sex-related difference was found in the
prevalence of diabetes and dyslipidemia. Figure 1 presents
the prevalence rates for CVD risk factor clustering based
on age and sex. The proportion of two or more risk
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factors (hypertension, diabetes, or dyslipidemia) increased
with advanced age and reached the highest at the age of
65-74 years in both men (approximately 23 %) and women
(approximately 24%).

Table 3 shows the results of multivariable logistic
regression models that identified risk factors for each
disease. Increasing age and higher BMI were associated
with increased risks of all three conditions. Moreover, the
risk factors for hypertension included male sex, central
obesity, smoker, former alcohol consumer, daily salt intake,
and family history of hypertension; living with more family
members was a protective factor. Relative to the nondiabetic
population, patients with diabetes were more likely to
smoke, suffer from central obesity, and have a family history
of diabetes, but they were less likely to consume alcohol.
Different risk factors for dyslipidemia were identified.
Female participants were more likely to have dyslipidemia
compared with male participants. Furthermore, a higher
level of education and alcohol consumption were related to
dyslipidemia.

Effect of bypertension, diabetes, and dyslipidemia on stroke
and MI

The overall prevalence of self-reported stroke and MI was
1.9% (210/11,036) and 1.0% (112/11,036), respectively.
The participants were first classified into two categories
according to the prevalence of diabetes and then divided
into four groups. Group 1 comprised participants with
neither hypertension nor dyslipidemia. Group 2 comprised
participants with dyslipidemia but no hypertension.
Group 3 comprised participants with hypertension but no
dyslipidemia. Group 4 comprised participants with both
hypertension and dyslipidemia. The prevalence of self-
reported MI in Groups 1-4 in the diabetic population
was 0.42%, 1.75%, 1.18%, and 2.54%, respectively. A
significant decrease in prevalence was observed in the
nondiabetic population except Group 1 (Figure 2). The
prevalence of self-reported stroke in Groups 1-4 in the
diabetic population was 0.84%, 5.26%, 2.36%, and 5.93%,
respectively. Similar changes in the prevalence of MI were
observed. Diabetes contributes to about twofold excess
increase independently of other factors (Figure 3).

The results of univariate logistic regression that assessed
which group was associated with an increased risk of MI
and stroke are shown in 7Tables 4 and 5. In the diabetic
population, the group difference showed no statistical
significance with reference to the increase in the risk of MI,

Ann Transl Med 2019;7(18):436 | http://dx.doi.org/10.21037/atm.2019.09.04



Page 5 of 12

, Vol 7, No 18 September 2019

icine

Annals of Translational Med

"90UBJJLINDII 1SIEM ‘DA

{|osa1s9|0Y0 [B101 ‘O] ‘@inssaid poo|q 21j01sAs dgs ‘e|geoidde 1ou ‘yN ‘uoisusuadAy ‘N1H ‘shijjew saiagelp ‘N ‘einssald poojq 21j0IseIp dgqa Xxapul ssew Apoq ‘NG

VN VN VN L00°0> (L71¥) 81e (osl)vee't  1L00'0> (€99)9se'L  (L2€) Lee'e  (0'eh) LvLy (%) u ‘Aioisiy Ajwey eniisod
L00'0>  GL'EFFES €5 LF6Y Y L00'0>  ¥9'2¥86'Y IS LFeS Y L00'0>  LY'CFLO'S € LFGY Y L' LFGS Y (1/oww) o1
L00'0>  L0°2FELS gL LF0TS L00'0>  8eT¥F9T.L 29 LFeLS L00'0> 68'L¥28'S 0L 1¥F2l'g 9/°1¥62'g (1/10wiw) 8soon|b wnieg
L00'0> 6G2L¥8028  I8'CLFYE'8.  L000> 8SELFY0Z8  €LECLFEY'8.  L00'0> LBGLFLE6Y8 LLTLFOTLL GLELFG9'8. daa
L00'0> 66'6LF€8'62L 06°02F9g'€ct L00'0> L9'QLFOL'LEL GO'leF62'€gl L00'0> 69VLF6EGEL L2 LgFIL'LgL 06'02F08°€Cl das
660 v.8¥GE0L G6'LFGE0L 2290 9v"'8¥05°01 86°/Fre’0L 2000  ¥S'8¥88'0L 88/FgZ0L  L0'8FSE0L (Rep/B) exelul yes
2L €€ 1F6E°E vgLFLGE L00'0> OV’ LFLEE €T LFISE L00'0> 9€°LF9ZE L' LFSGE ¥2 1F0S'E slaquiaw Ajiwey Jo JequinN

(5'2) 89 (6'2) 662 (r'v) 62 (1'8) 6€8 (1'9) geL (e'9) ev. (6'2) 898 wauny

(¢'82) 192 (9'61) 9861 ((WAVE 4NN (5'02) LeL'e (9ge)ees (g6l 2el't  (€02) Sve'e Jowiio4

(r'v9) 285 (5'22) see'L (5'82) €2¢ (r'12) 00t'L (c'89)86e'L  (9'22) Ges'9  (8'L2) €26, JonaN
100°0> 100°0> 000> (%) u *Bujuug

(5¢) e (C€) Lee (€€ e (ce) eee (c'€) 99 (ce) 882 (ce) vee weluny

(9'22) 90z (0'81) g28°L (8'61) €L (e'81) 8681 (Gve) 106 (021625t  (#'81)0g0'e Jowwio-

('€l v29 (8'82) 926°2 (020 ¢€lg (6'82) 6€1L'8 (ecnev't (861 €eLL'L  (7'82) 2598 JanaN
2000 6190 L00°0> (%) u ‘Bunjows
L00'0>  29'6¥9L'98  L6'LLFO9'L8  L000>  G¥6FLLG8  06LLF6LL8  L00'0> €S'6FL€98 GOCLFYO L8 08LLF €0°Z8 (wo) oM
L00'0>  2V'E¥G9'Ge LE'€FF9'€C  LO0'0>  9€'€F8L'Ge ve'€FeL'eC  L00'0> LTEFLOGT  PCEFEEET  9EEFIBET (;w/Bx) INg

(8'22) 802 (L°2€) ¥S2'¢e (9'6) ¥9 (9'2¢€) 668°C (Z'1esz Wiy vel'e  (6°G€) €96°c an0qE 4o 969|000

(2°09) ¥SS (8'09) ev 'S (8'99) Stv (2°09) ¥S2'S (ov9)oLe’t  (8'8v)68E'Y  (9'1LG) 669'G |ooyas 8|ppIA

(7o) oGt (L'eL) ege'L (9'e2) /51 2y 212 (€'ve) L6V (8'6) 228 (G2h vie't Mmojaq Jo |ooyos Asewlid
1L00°0> 100'0> 100'0> (%) u ‘lons| uoneonp3

¥0) ¥ (S'0) 6% (coo (5'0) €5 (Ltoe (9°0) 05 (G0) €9 SEe)

(1ot (8°0) 08 e (8°0) I8 (2°0) g1 (8'0) 62 (8'0) 06 INH

(5'86) 868 (2'86) 1666 (9'86) 259 (2'86) 9€2'0} (1'66) 820'c  (9'86) 5988 ('86) €680 ueH
9090 €500 800 (%) u “Anouyig
1220 (¢'09) 85¥ (L'sy) L28'v 9920 (L'1¥) 81e (e'8¥) €L0'S  1L00°0> (829 080°L (€2%) LSy  (€8Y) Lee's (%) u ‘usy
L00'0> SEELFPOPS  0L°GLFER'EF  L000> 2P LLFYGES  YSGLFEL'Er  L00'0> 60°CLFYE'8S  P8VLFLG LY  8L'GLFBI VY (1eaf) aby

d elwapldiisig Bluiepidisip d Wa INQ-UON d NLH NLH-UON
-UoN |[elol so|qelep
ejwapidisig snyjjew salegelq uolsuapuadAH

smels ey Aq syuedonaed Apmis jo sonstaoereyd sryderSowa(q T J[qeL,

Ann Transl Med 2019;7(18):436 | http://dx.doi.org/10.21037/atm.2019.09.04

© Annals of Translational Medicine. All rights reserved.



Page 6 of 12

Lu et al. Chronic diseases and effects on CVD

Table 2 Prevalence of hypertension, diabetes, and dyslipidemia by age and sex

Hypertension Diabetes mellitus Dyslipidemia
Year Men Women Total Men Women Total Men Women Total
15-24 0.2 0.9 0.6 0.2 0.0 0.1 0.0 0.5 0.2
25-34 4.7 2" 3.3 0.4 1.6* 1 5.1 2.4~ 3.7
35-44 11.3 5.2* 8.5 1.8 1.4 1.7 7.3 5.1 6.2
45-54 23.4 20.1 21.6 6.6 5.3 5.9 10 8.8 9.3
55-64 37.9 29.8* 33.4 12 1.7 11.8 14.2 14 14.1
65-74 50.7 50.4 50.6 19.4 17.6 18.5 15.5 19.1 17.3
>75 54.3 45.2* 50.2 16 17.8* 16.8 10.5 1.1 10.8
Total 20.3 16.9* 18.5 6 6.1 6.0 8.6 8 8.3

*, P<0.05 compared with men.
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Figure 1 Clustering of risk factors for cardiovascular diseases.

while Groups 2 and 4 were associated with an increased risk
of stroke compared with Group 1 (reference) (OR, 6.528;
95% CI, 1.065-20.526; OR, 7.410; 95% CI, 1.515-16.249).
However, a stronger association between risk factors and
CVD was observed in the nondiabetic population. Each
group showed an association with an increased risk of
stroke, while Groups 3 and 4 showed an increased risk of
MI. After adjusting for age, sex, and BMI, similar results
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were found.

As shown in Tuble 6, the test statistics and criteria of
the corresponding model increased regardless of which
interactive factor was added to the model, indicating
that none of the interactive factors optimized the fit of
the model. In addition, every interaction factor was not
statistically significant (P inter >0.05). Therefore, the
interaction effects on stroke or MI were not found.
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Table 3 Multivariate logistic regression analysis of risk factors by disease
Hypertension Diabetes mellitus Dyslipidemia
Risk factors
OR (95% ClI) P OR (95% CI) P OR (95% CI) P

Age 1.077 (1.071-1.082)  <0.001 1.063 (1.055-1.071)  <0.001 1.047 (1.041-1.053)  <0.001
Gender

Men Ref. Ref. Ref.

Women 0.857 (0.731-0.995) 0.047 0.905 (0.717-1.142) 0.401 1.384 (1.133-1.691) 0.001
Ethnicity

Han Ref. Ref. Ref.

Hui 0.849 (0.444-1.621) 0.619 1.586 (0.736-3.420) 0.239 1.478 (0.739-2.957) 0.270

Others 0.648 (0.168-2.496) 0.528 NA 2.031 (0.706-5.841) 0.189
Education level

Primary school or below Ref. Ref. Ref.

Middle school 1.130 (0.969-1.318) 0.120 1.447 (1.162-1.800)  <0.001 1.613 (1.308-1.989)  <0.001

College or above 0.839 (0.669-1.053) 0.130 0.888 (0.620-1.272) 0.517 2.035 (1.534-2.700)  <0.001
BMI 1.164 (1.142-1.186)  <0.001 1.051 (1.023-1.079)  <0.001 1.154 (1.128-1.180)  <0.001
Central obesity

No Ref. Ref. Ref.

Yes 1.289 (1.093-1.425) 0.019 1.383 (1.069-1.787) 0.013 0.922 (0.734-1.157) 0.482
Smoking

Never Ref. Ref. Ref.

Former 1.206 (1.019-1.428) 0.030 1.276 (1.008-1.524) 0.039 1.072 (0.866-1.327) 0.523

Current 1.405 (1.007-1.962) 0.045 1.780 (1.074-2.949) 0.025 1.280 (0.854-1.918) 0.232
Drinking

Never Ref. Ref. Ref.

Former 1.221 (1.043-1.429) 0.013 0.676 (0.525-,0.871) 0.002 1.640 (1.350-1.991)  <0.001

Current 0.954 (0.751-1.212) 0.699 0.598 (0.397-0.902) 0.014 1.347 (1.015-1.786) 0.039
Number of family members 0.951 (0.909-0.995) 0.029 1.041 (0.976-1.111) 0.219 0.997 (0.942-1.054) 0.905
Salt intake 1.009 (1.002-1.015) 0.030 0.993 (0.982-1.003) 0.166 0.992 (0.982-1.001) 0.082
Family history

No Ref. Ref. Ref.

Yes 3.095 (2.758-3.474)  <0.001 3.054 (2.581-3.614)  <0.001 NA

BMI, body mass index; Cl, confidence interval; NA, not applicable; OR, odds ratio; Ref., reference.

Discussion

This population-based study in eastern China explored
changes in the burden of major risk factors for CVD. It
found that the prevalence rate was 18.5% for hypertension,
6.0% for diabetes, and 8.3% for dyslipidemia. The burden

© Annals of Translational Medicine. All rights reserved.

of hypertension and diabetes seemed to be lower while the
prevalence of dyslipidemia was higher compared with the
national epidemiological reports (23-25). Hypertension
contributes the most to the population-attributable risk

of stroke and is a leading risk factor for MI, especially in
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Figure 3 Prevalence of stroke in each group by diabetes status.
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the elderly Chinese population (26,27). As a disorder of
glucose metabolism, diabetes causes damage to multiple
organ systems and confers excess risk for various vascular
events (28). Therefore, hypertension and diabetes need
to be controlled for preventing CVDs. Substantial efforts
have been made to control the epidemic of chronic diseases.
The Chinese government is committed to establish
a comprehensive surveillance system with a greater
emphasis on management (29). Further, in Nanjing, a
new mode of cooperation between the government and
tertiary hospitals has been explored and put into practice.
Experts from tertiary hospitals are sent to the community
to deliver regular lectures on health education and train
doctors in primary health care centers so as to improve
their capabilities in terms of diagnosis and treatment.
Consequently, these centers provide residents with effective
basic medical and public health services to improve their
health literacy. Although the findings of this study indicated
a substantial improvement in hypertension and diabetes,
the increase in cholesterol levels cannot be ignored.
Unfortunately, recent evidence shows that health care
professionals and administrators have only recently begun
to pay more attention to dyslipidemia (30). Moreover, the
present study revealed that clustering of CVD risk factors
was common among middle-aged people in both men and
women. Accordingly, a more comprehensive approach to
managing dyslipidemia, hypertension, and diabetes should
be considered in the next stage of management.

The present study found that older age and higher BMI
were associated with the development of hypertension,
diabetes, and dyslipidemia, which was highly consistent with
the latest findings from Korea (18). Moreover, age showed a

Table 4 Odds ratios for myocardial infarction among diabetic and nondiabetic populations

Diabetic Nondiabetic
Group
OR (95% Cl) P R (95% Cl)* P OR (95% ClI) P R (95% Cly* P
Neither Ref. - Ref. - Ref. - Ref. -
hypertension nor
dyslipidemia

Only dyslipidemia  4.214 (0.260-2.115)

Only hypertension  2.821 (0.291-17.306)

Both hypertension
and dyslipidemia

6.157 (0.633-19.837)

0.312  4.797 (0.288-9.904)
0.371 2.988 (0.287-11.134) 0.360 2.114 (1.028-4.347)

0.275 2.050 (0.622-6.758) 0.238 1.634 (0.492-5.419) 0.422

0.042 1.897 (1.019-3.916) 0.043

0.117 6.204 (0.635-20.635) 0.117 3.623 (1.266-10.366) 0.016 2.381 (1.024-6.811) 0.029

*, adjusted for age, sex, and BMI. Cl, confidence interval; OR, odds ratio; Ref., reference.

© Annals of Translational Medicine. All rights reserved.
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Table 5 Odds ratios for stroke among diabetic and nondiabetic populations
Diabetic Nondiabetic

Group

OR (95% CI) P OR (95% CI)* P OR (95% CI) P OR (95% CI)* P
Neither Ref. - Ref. - Ref. - Ref. -
hypertension nor
dyslipidemia

Only dyslipidemia

6.528 (1.065-20.526) 0.043 6.433 (1.023-20.436) 0.047

4.573 (2.425-8.625) <0.001 3.293 (1.677-6.467) <0.001

0.003 1.860 (1.087-3.183) 0.024

Only hypertension

Both hypertension
and dyslipidemia

2.843 (0.568-14.225) 0.204 2.082 (0.410-11.604) 0.360 2.206 (1.302-3.738)
7.410 (1.515-16.249) 0.013 7.627 (1.547-17.614) 0.013 5.558 (2.825-10.746) <0.001 3.398 (1.767-6.534) <0.001

*, adjusted for age, sex, and BMI. Cl, confidence interval; OR, odds ratio; Ref., reference.

Table 6 Results of multivariable logistic regression assessing the interaction effects on MI and stroke

Interaction Criteria No. hypertension x diabetes x Hypertension x Diabetes x Hypertension x

effects dyslipidemia diabetes dyslipidemia dyslipidemia
Ml AIC 605.620 606.087 607.212 607.355 605.348
SC 642.153 649.926 651.050 651.193 649.187
-2LogL 595.620 594.087 595.212 595.355 593.348

P inter - 0.1955 0.5141 0.6060 0.1122
Stroke AIC 1,041.759 1,043.320 1,043.222 1,043.088 1,042.721
SC 1,078.292 1,087.159 1,087.061 1,086.927 1,086.560
-2LoglL 1,031.759 1,031.320 1,031.222 1,031.088 1,030.721

P inter - 0.4981 0.4570 0.4123 0.2918

AIC, Akaike information criterion; SC, Schwarz criterion.

strong association with all three diseases on comparing age-
specific prevalence rates. A comparative study also indicated
that higher BMI was an independent risk factor for
hypertension, diabetes, and dyslipidemia in both Japan and
the United States (31). Therefore, it is likely that general
adiposity and aging contribute the most to the development
of all three conditions in the Chinese population.

In addition, central obesity was a risk factor for
hypertension and diabetes, which was consistent with
numerous studies conducted in various regions of China
(32-34). It has been well acknowledged that central obesity
has a strong positive correlation with increased risks of
incident hypertension and diabetes (35,36). Moreover,
individuals with a family history of hypertension (or diabetes)
have a higher likelihood of having hypertension (or diabetes)
compared with those without a family history. Genetics has
been recognized as an important factor in ensuring normal
glucose metabolism and BP stabilization (37,38). Moreover,

© Annals of Translational Medicine. All rights reserved.

younger generations are likely to inherit unhealthy lifestyle
and dietary habits from their parents. Therefore, individuals
with a family history should be given close attention and
careful surveillance. Contrary to other epidemiological
studies (33,39), the present study revealed that alcohol
consumption was a protective factor for diabetes. This might
be because some individuals abstained from alcohol for a long
time once they were diagnosed with diabetes. The behavioral
transformation might benefit from health education
conducted in the communities. However, no associations
were found between education level and hypertension. More
educated people were likely to suffer from dyslipidemia in the
present study, which was contrary to the findings of previous
studies (40,41). This might be because most individuals with
high academic qualifications were engaged in mental work
with no exercise. Interestingly, smoking was a risk factor
for hypertension and diabetes, but not for dyslipidemia.
This might partially be attributable to the identification
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of dyslipidemia based on hypercholesterolemia. Previous
studies have described different relationships between the
development of various dyslipidemias and smoking status.
However, the finding that the effect of smoking on elevated
TC was not statistically significant was consistent (25,42,43).

Another important finding of the present study was the
additive effects of hypertension, diabetes, and dyslipidemia
on stroke and MI. Overall, hypertension complicated with
dyslipidemia conferred a more significant risk of CVD
than independent effects. Compared with dyslipidemia,
hypertension had stronger effects on MI and weaker effects
on stroke. In addition, the cumulative effect of hypertension
and dyslipidemia on MI was not significant in diabetic
patients, whereas the impact on stroke was more pronounced
compared with nondiabetic people. This implied that the
additive effects of the three risk factors were greater on
stroke than on MI, corresponding to a heavier burden of
stroke than MI in China. Fortunately, both hypertension
and dyslipidemia are modifiable risk factors. Long-term
prospective results of a randomized trial have indicated that
the interventions for controlling BP and cholesterol levels are
associated with long-term benefits in terms of cardiovascular
outcomes (44). Therefore, greater efforts should be made
to control these risk factors as an effective strategy for
preventing CVDs. Another important cardiovascular risk
factor is diabetes. Its cumulative effect is significant with
hypertension or dyslipidemia or both. It has been validated
that insulin resistance not only leads to abnormal glucose
metabolism but also causes lipid metabolism disorder (15).
Moreover, patients with diabetes complicated with
hypertension have an increased risk of cardiovascular events
than those only with diabetes. However, a recent cohort study
showed that patients with diabetes who had elevated BP and
dyslipidemia within the target ranges appeared to have little
or no excess risk of MI or stroke compared with the general
population (45). Therefore, further studies are warranted to
better understand the additional effects of risk factors on MI
and stroke. Further, the interaction between the three factors
did not contribute to the development of MI or stroke in the
present study, similar to the results of large cohort studies at
home and abroad (16,46). This indicated that any two risk
factors were independent of each other in increasing the risk
of MI or stroke.

Limitations

The present study had some limitations. First, causal

© Annals of Translational Medicine. All rights reserved.
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relationships could not be established because the study was
cross-sectional. Second, dyslipidemia was defined according
to TC concentrations while triglyceride, low-density
lipoprotein cholesterol, and high-density lipoprotein
cholesterol concentrations also played important roles in
the development of CVDs. Third, the generalizability of
results might be limited given that the study participants
were from a specific geographical region. Although this
study had several shortcomings, the findings might provide
guidance for designing a more systematic method for
managing hypertension, diabetes, and dyslipidemia in the
future. Further, precise causality can be inferred based on
a comparison between the results of the present study and
subsequent results.

Conclusions

In conclusion, this study indicated that the burden of
hypertension and diabetes stopped increasing while
TC concentration in the population was not well
controlled. Individuals with two or more risk factors for
CVDs accounted for a large proportion of a middle-
aged population. In addition, increasing age and higher
BMI were associated with the development of all three
conditions. Moreover, hypertension, diabetes, and
dyslipidemia contributed to an excess risk of MI and stroke
independently of each other. A more comprehensive
guideline needs to be developed for preventing and
controlling dyslipidemia, hypertension, and diabetes. The
focus of management should be on middle-aged people with
multiple CVD risk factors.
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